Ca oscillations, a widespread mode of cell signaling, were reported in non-excitable cells for the first time more than 25 years ago. Their fundamental mechanism, based on the periodic Ca exchange between the endoplasmic reticulum and the cytoplasm, has been well characterized. However, how the kinetics of cytosolic Ca changes are related to the extent of a physiological response remains poorly understood. Here, we review data suggesting that the downstream targets of Ca are controlled not only by the frequency of Ca oscillations but also by the detailed characteristics of the oscillations, such as their duration, shape, or baseline level. Involvement of non-endoplasmic reticulum Ca stores, mainly mitochondria and the extracellular medium, participates in this fine tuning of Ca oscillations. The main characteristics of the Ca exchange fluxes with these compartments are also reviewed.
Introduction
Most of the time, the hormone-induced Ca 2+ increases that activate a variety of essential intracellular processes take the form of Ca 2+ oscillations. In non-excitable cells, these repetitive spikes mainly arise through the periodic exchange of Ca 2+ between the endoplasmic reticulum (ER) and the cytosol, through the interplay between inositol 1,4,5-trisphosphate (InsP 3 )-sensitive Ca 2+ channels and SERCA pumps 1,2 . This basic mechanism, summarized in Figure 1 , has now been well characterized and accounts for the observed increase in the frequency of Ca 2+ oscillations with increasing concentrations of InsP 3 accompanying the rise in stimulation. Such a process is referred to as frequency encoding. It was often hypothesized that oscillations provide a digital signal to downstream effectors that are in turn stimulated in an ON or OFF manner. Indeed, if a process is activated above a threshold Ca 2+ concentration, oscillations allow Ca 2+ to reach this threshold repetitively even if the average Ca 2+ signal remains below the threshold 3, 4 .
Based on the observed frequency encoding of the extracellular signal, it was also postulated that the physiological response in the form of secretion, gene expression, proliferation, etc., would in turn be sensitive to the frequency of Ca 2+ oscillations [5] [6] [7] [8] . In fact, the relative scarcity of phenomena that are purely controlled by the frequency of Ca 2+ oscillations is not so surprising given that the period of Ca 2+ oscillations can be subject to a significant level of randomness (Figure 2 and 8, 10) . In some instances, it has even been explicitly observed that the frequency does not by itself regulate the extent of the second-messenger-mediated response. This is the case, for example, for carbachol-induced salivary secretion by acinar cells
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. On another level, the precise isoforms of InsP 3 receptors expressed by a given cell -which have been shown to substantially affect the shape of the Ca 2+ oscillations 23-25 -are critical for cell death and survival decisions 26 . Finally, bioinformatics analyses highlighted that in cancer cells and tissues, the main processes associated with Ca 2+ dynamics that are perturbed are the mechanisms of storeoperated calcium entry (SOCE) and of calcium reuptake into mitochondria 27 . Both of these processes are related to the fine tuning of Ca 2+ oscillations, as discussed below. Altogether, these observations call for a more detailed understanding of oscillationassociated Ca 2+ dynamics. Understanding why Ca 2+ oscillates and what regulates the frequency of oscillations is not sufficient to understand their physiological impact, but the duration and shape of the peaks, their sustainability, and the baseline Ca 2+ level must be carefully taken into account. In the following sections, we elaborate on two key controllers of the InsP 3 R-based Ca 2+ oscillations, both related to Ca 2+ stores other than the ER, namely the mitochondria and the extracellular medium. We briefly review and discuss some of the main recent observations about their interplay with the InsP 3 -induced Ca 2+ spikes. Also, recent investigations tend to suggest that rather than the frequency alone, the detailed dynamic characteristics of the Ca 2+ increase pattern play an important role in determining the extent of the cell response. As illustrated in Figure 2 , in addition to frequency, Ca 2+ oscillations can vary in the amplitude and the width of the spikes, the baseline Ca 2+ level, and the degree of sustainability. We refer to modifications of one of these characteristics as fine tuning of Ca 2+ oscillations to emphasize that they imply fine regulation of cytosolic Ca 2+ that goes behind the mechanism schematized in Figure 1 accounting 34, 35 . Ca 2+ efflux back into the cytoplasm occurs through a NCLX. As expected, modifying any of these pathways affects the frequency of the oscillations; interestingly, increasing the activity of the MCU can both increase and decrease the frequency of oscillations 36 . In addition to its effect on the frequency of the oscillations, the MCU controls the width of the spikes and the sustainability of the oscillations, as knockingdown the MCU broadens Ca 2+ oscillations and accelerates the rundown of the oscillations in rat basophilic leukemia (RBL)-1 cells (Figure 3) 51 . Mammalian cells have genes for the three homologs Orai1, Orai2, and Orai3, and it is thought that Orai2 and/or Orai3 act as compensative types for the lack of Orai1. Orai channels are made of multiple subunits, and CRAC channel gating by STIM is best described by a Monod-Wyman-Changeux scheme in which tetramers of Orai have four STIM binding sites 50, 52 . Although the mechanism just described has most of the time been investigated in conditions when the Ca 2+ pools are emptied artificially, studies performed in a variety of cell types demonstrate that STIM expression is essential for an ensemble of physiological processes 53 . To quote here just one recent example, in airway smooth muscle, altered expression and function of STIM/Orai proteins have been linked to pathologies including restenosis, hypertension, and atopic asthma 54 .
Mitochondrial
The STIM-Orai pathway for Ca 2+ entry displays a hysteretic behavior: STIM-Orai association and dissociation do not occur at similar ER Ca 2+ concentrations 55 . Although the origin and the physiological significance of this unusual behavior remains 
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